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DETAILED ACTION 

1 . Claims 1 -8, 1 0-25, 34-75 are pending. 

Claim Objections 

2. Claims 10, 20-21 are objected to because of the following informality: 
Claim 10 depends on a canceled claim (claim 9). 

Claims 20-21 depend on a canceled claim (claim 19). 

Information Disclosure Statement 

3. The information disclosure statement (IDS) submitted on 1/26/04 was filed after 
the mailing date of the application. The submission is in compliance with the provisions 
of 37 CFR 1.97. Accordingly, the information disclosure statement is being considered 
by the examiner. 

Claim Rejections 

Claim Rejections - 35 USC § 112 

4. Claim 1 is rejected under 35 U.S.C. § 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

In claim 1 , " to oxvoen diffusion " in "atomic layer depositing a conductive barrier to 
oxygen diffusion" is not clearly defined the subject matter regarded as the invention. 
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The conductive barrier layer is formed to prevent oxygen diffusion or to enhance oxygen 
diffusion? 


Claim Rejections - 35 (JSC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject matter 
as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall 
not be negatived by the manner in which the invention was made. 

6. Claims 1-8, 10-25, 34-75 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Fukuzumi et al., U.S. Patent No. 6,222,722, and in view of Kim et al., 
U.S. Patent No. 6,207,487. 

Regarding to claims 1 , 34, Fukuzumi et al. discloses a method of forming a 
capacitor (See Fig. 33 and Cols. 1-20) comprising: 

forming a first capacitor electrode 51 over a substrate 1 ; 

forming a conductive barrier layer 52 over the first electrode (to prevent 
oxygen diffusion); 
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forming a capacitor dielectric 53 over the barrier layer; 

forming a second capacitor electrode 54 over the dielectric layer. 
Fukuzumi et al. fails to disclose the step of forming a conductive barrier layer 
using atomic layer deposition (ALD) technique. However, Kim et al. discloses the 
method of forming capacitor including the step of forming conductive barrier layer over 
the first capacitor electrode using ALD method (abstract). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify Fukuzumi et al. in view of Kim et al. by using ALD to 
deposit conductive barrier layer over the first capacitor electrode because when ALD 
method is performed where a high-purity film is formed by a plurality of atomic layers so 
that various reactants necessary for deposition of the film are sequentially supplied to 
the substrate by a gas pulsing method, a film having perfect step coverage is achieved, 
the thickness of the film can be easily adjusted (lines 5-30, Col. 4), the leakage current 
at lower electrode is suppressed, electric potential of device acts strongly while capable 
of obtaining cell capacitance enough for device operation and lower a soft error rate 
(lines 35-40, Col. 2). The conductive barrier layer formed over the first capacitor 
electrode for suppression of leakage current inherently inhibits the oxygen diffusion into 
the lower electrode. 

Regarding to claim 2, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above, and Kim et al. further discloses wherein the 
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atomic layer depositing occurs at a temperature of about 300 oC and at a pressure of 
about from 1-5 torr which fall into the ranged disclosed in claim 2 (Col. 10). 

Regarding to claim 3, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above, and Kim et al. further discloses wherein the 
atomic layer has a thickness of about 60-70 A which falls into the ranged recited in 
claim 3 (line 39, Col. 5; lines 58, Col. 7). 

Regarding to claim 4, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above, and Kim et al. further discloses wherein the 
atomic layer contacts the first electrode. 

Regarding to claim 5, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above, and Kim et al. further discloses wherein the 
atomic layer comprises WN, TaN, TiN, RuOx, IrOx (lines 26-39, Col. 8). 

Regarding to claim 6, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above, and Fukuzumi et al. further discloses wherein 
the capacitor dielectric layer 52 is high dielectric constant material, for example, 
BaTi03, SrTi03, Ta205 (lines 1-25, Col. 17). It is well known in the art that these 
materials exhibit a K factor of greater than about 7 at 20 oC. 
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Regarding to claims 7, 38, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claims 1 and 34 above, and further disclose that at least one of 
the first or second electrodes comprise polysilicon (Fukuzumi et a!.: Cols. 1-20; Kim et 
al.: Col. 1-10) and Fukuzumi et al. also discloses the dielectric layer comprises oxygen 
(Fukuzumi et al.: lines 1-25, Col. 17). 

Regarding to claims 8, 39, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claims 1 , 34 above, and Fukuzumi et al. further discloses 
wherein the capacitor dielectric layer 52 is high dielectric constant material, for example, 
(Ba,Sr)Ti03, BaTi03, SrTi03, Ta205 (lines 1-25, Col. 17). 

Regarding to claim 1 1 , Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above, and Fukuzumi et al. further discloses wherein 
the formation of the electrodes and the dielectric layer occur by other than atomic layer 
deposition (Fukuzumi et al.: Cols. 7-8). 

Regarding to claim 12, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 1 above but fail to disclose the step of cleaning the first 
electrode prior to the atomic layer depositing by a method comprising HF dip, HF vapor 
clean, or NF3 remote plasma. However, it would have been obvious to one having 
ordinary skill in the art at the time the invention was made to clean the first electrode 
before perform ALD because the cleaning process would reduce contaminations, native 
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oxide formed on the electrode surface in order to avoid unwanted reactions between 
contaminations and atomic depositing layers. 

Regarding to claims 48, 62, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claims 1, 34 above and both further disclose wherein the 
substrate comprises a semiconductor wafer. 

Regarding to claims 49-54, 63-68, Fukuzumi et al. and Kim et al. disclose the 
claimed limitations as applied in claims 1, 34 above and Kim et al. discloses wherein the 
first capacitor electrode comprises HSG polysilicon (Fukuzumi: lines 60-61, Col. 14; 
Kim:lines 23-27, Col. 1 ), the atomic layer comprises TiN (line 37, Col. 8) and both fail to 
disclose wherein the second electrode comprises the TiN. It would have been well 
known in the art that TiN is often used as capacitor electrode material. Fukuzumi et al. 
further discloses wherein the dielectric layer is a high K dielectric material. It would 
have been obvious to one having ordinary skill in the art that AI203 is suitable as a high 
K dielectric material since AI203 would have similar dielectric constant as those 
disclosed in Fukuzumi et al. and Kim et al. 

Regarding to claim 35, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 34 and Kim et al. further discloses wherein the atomic 
layer conductive barrier layer is formed on the first electrode. 
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Regarding to clainn 36, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 34 and Kim et al. further discloses wherein the atomic 
layer comprises elemental metal, a metal alloy, or a metal-containing compound (lines 
25-40, Col. 8). 

Regarding to claim 37, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 34 and Kim et al. further discloses wherein the atomic 
layer comprises WN, TaN, TIN, RuOx (lines 25-40, Col. 8). 


Regarding to claims 13, 40, Fukuzumi et al. discloses a method of forming a 
capacitor (See Fig. 33 and Cols. 1-20) comprising: 

forming a first capacitor electrode 51 over a substrate 1 ; 

forming a conductive barrier layer 52 over the first electrode (to prevent 
oxygen diffusion); 

forming a capacitor dielectric 53 over the barrier layer; 

forming a second capacitor electrode 54 over the dielectric layer. 
Fukuzumi et al. fails to disclose the step of forming the conductive barrier layer 
involving the steps of forming a layer of first precursor at least one monolayer thick over 
the first electrode using chemisorbing method, and forming a second precursor at least 
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one monolayer thick on the first precursor layer using chemisorbing method, a 
chemisorption product of the frist and second precursor layers being comprised by a 
layer of a conductive barrier material. 

However, Kim et al. discloses the method of forming capacitor including the step 
of forming conductive barrier layer over the first capacitor electrode including the steps 
of forming a layer of first precursor 22 at least one monolayer thick over the first 
electrode using chemisorbing method, and forming a second precursor at least one 
monolayer thick on the first precursor layer using chemisorbing method (lines 55-59, 
Col. 2), a chemisorption product of the first and second precursor layers being 
comprised by a layer of a conductive barrier material 32 (Fig. 3D). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify Fukuzumi et al. in view of Kim et al. by chemisorbing a 
layer of first and second precursors over the over the first capacitor electrode and 
reacting the chemisorption layers and reactants to form a conductive barrier layer 
because when chemisorbing method is performed where a high-purity film is formed by 
a plurality of atomic layers so that various reactants necessary for deposition of the film 
are sequentially supplied to the substrate by a gas pulsing method, a film having perfect 
step coverage is achieved, the thickness of the film can be easily adjusted (lines 5-30, 
Col. 4), the leakage current at lower electrode is suppressed, electric potential of device 
acts strongly while capable of obtaining cell capacitance enough for device operation 
and lower a soft error rate (lines 35-40, Col. 2). The conductive barrier layer formed 
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over the first capacitor electrode for suppression of leakage current inherently inhibits 
the oxygen diffusion into the lower electrode. 

Regarding to claims 14, 15, 16, 41, Fukuzumi et al. and Kim et al. discloses the 
claimed limitations as applied in claims 13, 40 above and Kim et al. further discloses 
wherein the first and second precursor layers each consist essentially of a monolayer, 
one or more chemical species and it is obvious that the precursor layers are saturated 
monolayers (layers 22, 24; lines 25-40, Col. 8). 

Regarding to claim 17, Fukuzumi et al. and Kim et al. discloses the claimed 
limitations as applied in claim 13 above and Kim et al. further discloses wherein the first 
precursor is different from the second precursor (Cols. 6-7), 

Regarding to claims 18, 19, 22, 42, 43, 45, Fukuzumi et al. and Kim et al. 
discloses the claimed limitations as applied in claims 13, 40 above and Kim et al. further 
discloses wherein the barrier layer comprises WN, TaN, TiN, RuOx (lines 25-40, Col. 8) 
(claims 22, 45). It is obvious to one having ordinary skill in the art that the first or 
second precursors comprises pairs such as WF6/NH3 because the reaction between 
the chemical in this pair would yield the same products that disclosed in Kim et al. 

Regarding to claim 23, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 13 above, and Fukuzumi et al. further discloses wherein 
the capacitor dielectric layer 52 is high dielectric constant material, for example, 
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BaTi03, SrTiOS, Ta205 (lines 1-25, Col. 17). It is well known in the art that these 
materials exhibit a K factor of greater than about 7 at 20 oC. 

Regarding to claims 24, 46, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claims 13 and 40 above, and further disclose that at least one of 
the first or second electrodes comprise polysilicon (Fukuzumi et al.: Cols. 1-20; Kim et 
al.: Col. 1-10) and Fukuzumi et al. also discloses the dielectric layer comprises oxygen 
(Fukuzumi et al.: lines 1-25, Col. 17). 

Regarding to claims 25, 47, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claims 13, 40 above, and Fukuzumi et al. further discloses 
wherein the capacitor dielectric layer 52 is high dielectric constant material, for example, 
(Ba,Sr)Ti03, BaTi03, SrTi03, Ta205 (lines 1-25, Col. 17). 

Regarding to claim 44, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claim 40 above, and Kim et al. further discloses wherein the 
conductive layer comprises elemental metal, a metal alloy, or a metal containing 
compound (Col. 8). 

Regarding to claims 55, 69, Fukuzumi et al. and Kim et al. disclose the claimed 
limitations as applied in claims 13, 40 above and both further disclose wherein the 
substrate comprises a semiconductor wafer. 
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Regarding to claims 56-61 , 70-75, Fukuzumi et al. and Kim et al. disclose the 
claimed limitations as applied in claim 40 above and Kim et al. discloses wherein the 
first capacitor electrode comprises HSG polysilicon (Fukuzumi: lines 60-61, Col. 14; 
Kim:lines 23-27, Col. 1), the atomic layer comprises TIN (line 37, Col. 8) and both fail to 
disclose wherein the second electrode comprises the TiN. It would have been well 
known in the art that TiN is often used as capacitor electrode material. Fukuzumi et al. 
further discloses wherein the dielectric layer is a high K dielectric material. It would 
have been obvious to one having ordinary skill in the art that AI203 is suitable as a high 
K dielectric material since AI203 would have similar dielectric constant as those 
disclosed in Fukuzumi et al. and Kim et al, 

7. When responding to the office action, Applicants' are advice to provide the 
examiner with the line numbers and page numbers in the application and/or references 
cited to assist the examiner to locate the appropriate paragraphs. 

A shortened statutory period for response to this action is set to expire 3 (three) 
months and 0 (zero) day from the day of this letter. Failure to respond within the period 
for response will cause the application to become abandoned (see M.P.E.P 710.02(b)). 
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Conclusion 


8, Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thao P. Le whose telephone number is 571-272-1785. 
The examiner can normally be reached on M-T (7-6). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David Nelms can be reached on 571-272-1787. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Thao P. Le 
Examiner 
Art Unit 2818 


